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Contribution of superficial nephron segments to sodium excretion in
experimental glomerulonephritis. The present study examined the con-
tribution of individual superficial nephron segments to sodium excretion
in antiglomerular basement membrane nephritis in the rat by sampling
the same nephron successively from the end and beginning of the distal
tubule and end of the proximal tubule. Whole kidney GFR in glomer-
ulonephritic rats was reduced by approximately 40% from controls;
absolute sodium excretion was about 25% of normal. Metabolic balance
studies in the awake state had suggested that the animals were in
sodium balance. Plasma renin levels before and during micropuncture
were similar to controls. These findings suggest that the defect in
sodium handling is intrinsic to the kidney. Glomerulotubular balance
was maintained along the proximal tubule. Sodium reabsorption in the
loop of Henle was reduced in absolute terms but was proportional to the
load delivered. Due to the decreased absolute sodium reabsorption in
the preceding segments, sodium delivery to the beginning of the distal
tubule was comparable in the two groups of animals. Along the distal
tubule sodium reabsorption was comparable to control animals. There-
fore, the avid urinary sodium retention seen during micropuncture was
due to increased sodium reabsorption by segments past the superficial
proximal tubule and/or by deep nephrons.
The adaptations in sodium excretion that occur after a
reduction in nephron mass have been evaluated in several
experiment models. There is general agreement that in the
remnant kidney model of renal failure and other non-glomerular
models of renal disease, urinary sodium excretion is normal due
to an increase in fractional sodium excretion [1—3]. However,
the majority of human diseases are diffuse in nature. Experi-
mental models of glomerular injury have given important,
though conflicting, insights into the handling of sodium in
diffuse renal injury. Models which have been employed to study
these nephron adaptations have included autologous immune
complex nephritis (AICN), heterologous immune complex ne-
phritis, anti-glomerular basement membrane (anti-GBM) ne-
phritis, and puromycin nephropathy. However, the results of
these studies have been conflicting even when using similar
models of disease. For instance, in anti-GBM nephritis, some
have found normal urinary sodium excretion rates [4, 5];others
have found a decrease in sodium excretion [6—10], while still
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others have found decreased sodium excretion early in the
course of the disease with normalization later [11]. Those
studies finding a decrease in sodium excretion have generally
been associated with a decrease in GFR and the nephrotic
syndrome. However, sodium excretion may be normal even in
the face of these two factors [4, 11]. In these studies, whether
normal or abnormal sodium excretion was found, there were
generally no estimates of the volume status or sodium balance
of the animals.
Micropuncture studies in diffuse models of renal disease have
left an incomplete understanding of the contribution of individ-
ual nephron segments to the sodium excretion in diffuse mod-
els. Most studies have examined only the contribution of the
proximal tubule [4, 5, 8, 11, 12]. In models of AICN after
volume expansion [13] and unilateral puromycin nephropathy
[14], segments past the superficial distal tubule were responsi-
ble for the observed alterations in urinary sodium excretion. A
similar suggestion was made in a severe model of anti-GBM
disease [7], the only previous study examining sodium handling
past the proximal tubule in anti-GBM nephritis.
The purpose of the present study was to examine the contri-
bution of all the superficial nephron segments accessible to
micropuncture to the final excretion of sodium in a more
chronic anti-GBM model of renal disease in the rat. We chose to
examine a model in which the GFR was reduced since this more
closely approximates the usual clinical situation. The experi-
mental design allowed, for the first time, a segmental analysis of
the contribution of each of the segments accessible to surface
micropuncture to sodium excretion in anti-GBM nephritis. An
estimation of the volume status of the animals before and during
the study was made by determining the plasma renin concen-
trations. Further, an estimation of sodium balance was made in
the awake state by metabolic balance studies.
Methods
Induction of glomerulonephritis
Glomerulonephritis (GN) was induced in male Munich-
Wistar rats weighing 45 to 65 g by injection of rabbit anti-rat
GBM antibody. Glomeruli were isolated by sieving as described
by Krakauer and Greenspon [15]. The glomeruli were obtained
and purified by passing the cortex through successive sieves.
The suspension on the last sieve consisted of approximately
90% glomeruli and 10% tubules by visual inspection. The
suspension was sonicated, pelleted by centrifugation and
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washed several times. Rabbits were immunized by weekly
injections of a suspension of GBM obtained from seven rat
kidneys in complete Freund's adjuvant. After multiple injec-
tions, the antibody response from individual rabbits was tested
by injecting 1 ml of rabbit serum into a rat. The rat was
sacrificed after 30 minutes and the kidneys snap frozen. Slices
of renal cortex were layered with fluorescein-labeled sheep
anti-rabbit antibody. The serum from those rabbits which
showed 4+ immunofluorescent staining of the glomeruli and
little or no tubule fluorescence were pooled. Glomerulonephri-
tis in rats was induced by the injection of 7 to 18 d of this
pooled rabbit anti-rat GBM serum on four consecutive days. In
some rats this was performed via intracardiac injection, but in
most, a chronic indwelling cardiac catheter was placed on the
first day to facilitate the injections. On days 7, 9, and 11, goat
anti-rabbit serum 0.1 ml was injected to enhance the lesion.
Control rats were treated in a similar fashion receiving injec-
tions of saline on days 1 to 4 and 7, 9, and 11. Rats were allowed
food and water ad libitum until the day prior to study. Micro-
puncture studies were performed 7 to 10 days after completion
of the two series of injections.
We have previously reported the salient features of this
model and the renal tubule potassium handling by these animals
[16]. Immunofluorescence examination reveals linear deposi-
tion of rabbit immunoglobulins along the basement membrane,
and there is a diffuse proliferative glomerulonephritis with some
glomeruli displaying crescent formation. These rats have
marked proteinuria and a mild nephrotic syndrome as evi-
denced by a serum albumin which is about 80% of normal and
a serum cholesterol that is nearly double [16]. During the
induction of GN the rats often displayed ascites but at the time
of the study this had resolved.
Micropuncture methods
On the day prior to micropuncture study, food but not water
was withdrawn. The animals were prepared for micropuncture
as previously described [16]. Briefly, the rats were anesthetized
with mactin (Promonta, Hamburg, FRG) given intraperitone-
ally (100 mg/kg body wt). A tracheostomy was performed and
the animals were placed on a rodent respirator (Harvard Appa-
ratus, Millis, Massachusetts, USA) and ventilated. An internal
jugular vein and the right femoral artery were catheterized as
was the bladder for the collection of timed urine samples from
both kidneys. The kidney was exposed by a midline abdominal
incision. Two hundred and fifty pCi of 3H-inulin were sus-
pended in 0.9% NaC1 and 0.6 ml was administered as a prime
followed by a constant infusion of this solution at 30 d/min/100
g body wt. The left kidney was prepared for surface micropunc-
ture as previously described [16].
Body temperature was determined with a rectal thermometer
and was maintained between 36.5 and 38°C. Arterial samples
and blood pressure measurements were obtained at about 60
minute intervals. The total amount of blood obtained at each
arterial sampling was approximately 0.1 ml. Two timed urine
collections were made during each study. At the time of the
initial sample of arterial blood, a capillary tube was obtained for
the measurement of blood urea nitrogen (BUN).
Tubule fluid samples were obtained successively along the
same nephron from the end of the distal tubule, beginning of the
distal tubule, and end of the proximal tubule. These sites were
identified by intratubular injection of 5% lissamine green into
random proximal tubules from a micropipette with a small tip (4
to 5 m O.D.). We found that with this size pipette there was no
detectable leak from the original hole after repuncturing the
tubule and injecting lissamine green under pressure. Also, in
microperfusion studies the recovery of inulin is complete de-
spite previous puncture (E. Simon, unpublished data). Further,
mean SNGFR obtained in the controls in the present study was
actually higher when factored for body weight than previously
reported from this laboratory using intravenous lissamine green
for localization of the end proximal sites [17].
In a second group of control and glomerulonephritis (GN)
animals maintained on normal rat chow, plasma renin activity
was determined. Samples were obtained between 8 and 10 a.m.
in six GN and seven control rats immediately after decapitation.
In an additional six experimental and six control rats plasma
renin activity was assayed under conditions simulating micro-
puncture.
In addition, nine control rats and eight rats with GN (at the
same time after GN induction as those undergoing micropunc-
ture) were placed in metabolic cages. After three days of an ad
lib powdered food (Ralston Purina, St. Louis, Missouri, USA)
and water diet, metabolic balance studies were conducted over
a five day period. During this time all urine was collected after
passing through a feces strainer. Food and water intake was
measured daily. At the completion of the study the cage
bottoms were rinsed with distilled water to assure complete
collection of all urine.
The measurement of the concentration of sodium and inulin
in timed tubule fluid collections allowed the calculation of single
nephron glomerular filtration rate (SNGFR) and absolute and
fractional delivery of fluid and sodium to the sites of collection.
Distal tubule pairs were accepted for inclusion only if the
SNGFR measured at the end distal site differed from the mean
of the end proximal and beginning distal SNGFR by less than
20%. In this manner collections from points past the confluence
of two cortical collecting tubules could be excluded.
The entry or reabsorption of sodium between sites was
determined using standard formulae. Fractional entry or loss of
sodium along a segment was calculated as the fractional entry
or loss along that segment divided by fractional delivery to the
beginning of the segment.
Tubule fluid and plasma inulin content were determined by
liquid scintillation counting (Packard Tricarb, Downers Grove,
Illinois, USA). The sodium content of tubule fluid was mea-
sured with a helium-glow photometer (American Instruments,
Silver Springs, Maryland, USA). Arterial pH, P°2' and pCO2
were monitored with a blood gas microsystem (Radiometer,
Westlake, Ohio, USA) to allow regulation of the ventilator.
Plasma and urine samples were analyzed for sodium by flame
photometry. Plasma renin activity was measured using a com-
mercial radioimmunoassay kit (GammaCoat, Baxter Corpora-
tion, Clinical Assays, Boston, Massachusetts, USA).
Student's 1-test for paired data was used to compare values
obtained at sites along the same nephron. Student's 1-test for
unpaired data was used to examine superficial nephron and
whole kidney function and for examining the differences be-
tween the two groups of rats. Statistical significance was taken
as P < 0.05.
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Results
The ON animals gained significantly less weight per day (3.2
0.2 vs. 4.1 0.2 g, P < 0.005) and, as a result, weighed less
than controls (124 5 g and 136 4 g, respectively, P < 0.005).
(This difference occurred throughout the induction of GN and
was not a consequence of a fall in body weight in the GN group
near the time of the study). Nevertheless, the total kidney
weight of the experimental group was higher, averaging 1.57
0.07 g versus 1.2 0.04 g in the control group, P < 0.001. The
kidneys of the ON rats appeared somewhat pale and swollen.
Hematocrit was significantly lower in the nephritic animals
averaging only 40 1% versus 47 1% in controls, P < 0.00!.
These values represented a small fall from the time of the initial
arterial catheter placement to the time of micropuncture; the
fall was comparable in the two groups (—1.7 0.6% in controls
and —2.0 0.7% in ON rats). Blood pressure during the study
was similar in both groups (111 8 mm Hg in the GN group and
115 3 mmHg in the control group).
Glomerulonephritis resulted in predictable affects on whole
kidney function. In these studies, GFR was reduced by about
40% from 1440 63 sl/min in controls to 873 87 s1/min in
nephritics (P < 0.001). As depicted in Figure 1, urinary sodium
excretion was reduced in the nephritic animals in both absolute
(541 127 to 132 29 nmol/min, P < 0.01) and fractional (0.23
0.05 to 0.10 0.02%, P < 0.05) terms. Urine flow rates were
comparable in the two groups averaging 3.98 0.35 l/min in
controls and 3.33 0.38 d/min in ON rats. This was achieved
by a significant increase in fractional fluid excretion in the
nephntic rats which averaged 0.41 0.05%compared to 0.28
0.02% in controls, P < 0.05. Urine osmolality also tended to be
lower in the ON animals averaging 1495 328 mOsmlkg H20
versus 2333 332 in controls, but this did not achieve statistical
significance (P = 0.08).
The reduction in whole kidney GFR was reflected in a
significant decrease in the SNOFR of superficial nephrons of
the ON group as measured either at proximal (17.6 1.1 vs.
25.5 l.8n1/minincontrols,P<0.00l)ordistal(17.5 1.2vs.
22.3 1.4 in controls, P <0.02) sites. However, unlike controls
in which SNGFR measurements were consistently higher when
measured at end proximal than at early distal micropuncture
sites, there was no difference in the values obtained at these two
sites in the ON group (Fig. 2). Thus, tubuloglomerular feedback
appeared absent in the ON group; the normal elevation in
proximally measured SNGFR was not present.
As shown in Table I, absolute sodium delivery to the end of
the proximal tubule was reduced. However, by the beginning of
the distal tubule, absolute delivery of sodium was comparable
in both groups of animals. Similarly, at the end of the superficial
distal tubule deliveries of sodium were similar in both groups of
animals. Figure 3 presents a segmental analysis of sodium
handling. Absolute sodium reabsorption along the proximal
tubule was significantly lower in the nephritic animals. This was
entirely proportional to the decrease in filtered load of sodium
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Fig. 1. Whole kidney function in the two groups of rats. Controls are
depicted by open bars, GN rats by hatched bars. Abbreviations are: V,
urine flow rate; V/GFR, fraction of filtered water excreted; UNV and
FENa, absolute and fractional excretion of sodium.
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Fig. 2. Single nephron glo,neru!ar filtration rate measured at the end
of the proximal and beginning of the distal tubule in paired collections
in control (A) and glomerulonephritis (B) animals. P values refer to the
differences in the mean values at the end of the proximal and beginning
of the distal tubule within each group.
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Table 1. Effect of glomerulonephritis on nephron handling of sodium
End Beginning End
proximal distal P" distal P
V ni/mm
Control rats 17.4 1.5 6.1 0.5 <0.00! 2.8 0.4 <0.001
ON rats 11.5 0.8 5.5 0.5 <0.001 2.5 0.3 <0.001
P <0.005 NS NS
TFNa mM
Control rats 146 2 50.2 3.0 <0.001 65.3 5.6 <0.005
GN rats 137 4 53.3 3.8 <0.001 60.4 5.0 NS
P <0.05 NS NS
TFNa . V, pmoi/min
Control rats 2557 234 275 24 <0.001 178 23 <0.005
GNrats 1611 l32 272±21 <0.001 142±19 <0.01
P <0.005 NS NS
FDNa %
Control rats 62.3 2.2 8.1 0.6 <0.001 6.1 0.8 <0.025
ON rats 59.2 3.5 10.5 0.8 <0.001 5.7 0.8 <0.001
P NS <0.025 NS
Values are mean SE. Abbreviations are: Vt1, tubule fluid flow rate; IF, tubule fluid concentration; FL, filtered load; FD, fractional delivery
to the site of micropuncture.
a Level of significance for the difference between the two preceding values.
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Fig. 3. Effects of giomeruionephritis on sodium reabsorption by indi-
vidual nephron segments in absolute (A) and fractional (B) terms.
Controls are depicted by open bars, ON rats by hatched bars.
since fractional reabsorption was similar in the two groups (40.8
1.0% vs. 37.7 1.0% in controls). In absolute terms, sodium
reabsorption was significantly reduced along the loop segment
of nephritic animals (1339 119 vs. 2251 206 pmol/min in
controls, P <0.005). Since SNGFR in the control animals was
significantly higher when measured at the proximal tubule than
at the distal site (P < 0.001), some of the "reabsorption" was
due to the differences in SNGFR measured at the two sites. In
contrast, in the nephritic animals SNGFR did not differ at the
two sites. When these differences in SNGFR were taken into
account, fractional reabsorption of sodium in the loop segment
was not significantly different in the two groups: On average,
81.6 1.8% of the load delivered to the loop segment was
reabsorbed in the ON rats versus 85.7 1.3% in controls, P =
NS. Absolute sodium reabsorption in the loop segment was also
evaluated by an alternative method of estimating proximal
tubule values based on distally determined SNGFRs (thus
avoiding changes due to interruption of tubuloglomerular feed-
back at the proximal site). Such an analysis revealed that loop
segment sodium reabsorption was still significantly less in
absolute terms in the GN group as compared to the control
animals (1475 141 pmollmin in nephritics and 2024 192
pmol/min in controls, P < 0.05). However, when factored for
delivery to this segment, reabsorption was still similar in the
two groups, averaging 81.6 1.8% and 85.7 1.4% in the GN
and control animals, respectively. Along the distal tubule,
absolute reabsorption of sodium was similar in the two groups
of animals averaging 133 24 pmol/min in the GN rats versus
130 28 pmol/min in controls. This indicated that 41.6 8.5%
of the sodium delivered to this segment was reabsorbed in ON
rats compared to 30.0 7.6% in controls, P = NS.
Plasma renin levels averaged 3.0 1.0 ng/ml/hr in awake
nephritic rats which was not significantly different from that of
4.1 0.6 ng/mI/hr in controls. As expected, in both groups of
rats the plasma renin levels rose significantly when measured
under conditions of micropuncture. However, the levels in the
ON rats were not significantly different from controls (26.4
2.9 and 24.7 3.5 nglmllhr, respectively).
Results of metabolic balance studies performed in both
control and nephritic rats are summarized in Table 2. Food
intake was not significantly different when factored for body
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Table 2. Sodium balance in the two groups of animals
Initial body
weight
g
Intake
Sodium
excretion SodiumFood/day
g
Food/day/l00
g body wt
g
Sodium
mEq/day mEq/day
C
ON
P
144 4.4
118 3.7
<0.005
16.7 0.7
13.8 0.3
<0.005
11.0 0.3
11.3 0.5
NS
2.03 0.08
1.68 0.04
<0.005
2.06 0.12
1.64 0.08
<0.02
—0.02 0.11
0.04 0.08
NS
Sodium represents the difference in sodium intake and urinary sodium excretion per day.
weight. Both groups of animals were in apparent sodium
balance.
Discussion
The present study is concerned with characterizing sodium
and water handling by superficial nephron segments in a diffuse
model of glomerular injury, heterologous anti-GBM glomerulo-
nephritis. Since the time after the induction of glomerulonephri-
tis may be an important determinant of renal sodium handling
[8, 11], studies were only performed 7 to 10 days after the
induction of the glomerular lesion. At this time the model is
characterized by a 40% reduction in whole kidney OFR. As was
noted in a previous study [16], at this time proteinuria is
marked, the plasma cholesterol concentration is elevated, and
albumin levels are low. Although sodium balance appeared to
be maintained in animals fed a normal salt diet and studied in
the unanesthetized state (Table 2), sodium retention was greater
in these rats than in controls during the micropuncture study
(Fig. 1). Thus, this model is similar to human glomerular
diseases which are characterized by mild renal insufficiency,
proteinuria and a tendency for sodium retention. The present
study provides, for the first time, information on both absolute
and fractional reabsorption of sodium and water in accessible
renal tubule segments of surface nephrons under conditions of
hydropenia. Further, it is unique in that it provides data on the
functions of different segments of the same nephron.
Although sodium balance was maintained in the awake state
during the time of micropuncture, the animals exhibited a
marked decrease in urinary sodium excretion (Fig. I), which
suggests that glomerular disease limits in some way the capacity
of the kidney to maintain sodium balance. Indeed, these find-
ings contrast to information obtained in focal forms of experi-
mental renal disease where sodium excretion is not different
from control animals due to an increase in sodium excretion per
nephron [1—3]. In these models, filtered load may double due to
an increase in SNGFR and contribute importantly to the
natriuresis, although down-regulation of sodium reabsorption
by the renal tubule also plays a key role in the maintenance of
sodium homeostasis in renal diseases characterized by nephron
hypertrophy, In diffuse renal diseases resulting from glomerular
injury, a reduction in sodium excretion usually occurs at some
point in the natural history of the disease. In most experimental
studies carried out during this interval [6, 9, 10, 13], sodium
retention occurs out of proportion to the changes in GFR and as
such suggests a change in renal tubule avidity for sodium.
Similarly, in the present study the GFR of the whole kidney fell
by 40% while absolute sodium excretion was a fourth of values
obtained in the control group (132 vs. 541 nmol/min in controls).
As in most other studies concerned with the effects of
immune mediated injury to the glomerulus [7, 8, 10—12, 18], in
the present study surface nephron GFR was significantly re-
duced in the experimental group. If one assumes that the
SNGFR value obtained at the distal site represents the true
value for that nephron, then the SNGFR of surface nephrons
was 22% lower in the ON group than in sham treated rats. Of
significance is the finding that magnitude of the reduction in
whole kidney GFR was greater (40%) than that of surface
nephron GFR. It suggests that either there is a sampling error
which favors collection of fluid from nephrons with higher rates
of glomerular filtration or that nephrons not accessible on the
cortical surface (that is, juxtamedullary nephrons) are more
profoundly affected by the immunologic insult. Indeed we have
preliminary data [19] which suggest the latter is more likely the
case. In those studies, superficial nephron SNGFR was only
mildly reduced (15.4 2.7 in ON vs. 17.8 2.9 in controls)
while juxtamedullary nephron SNGFR was more significantly
affected (16.6 2.3 nllmin in ON vs. 24.9 1.8 nLlmin in
controls).
In the present study, proximal SNOFR values were greater
than those determined from distal collections in the control
group (Fig. 2). It seems likely that these higher proximal
SNOFR values are due to the activation of tubuloglomerular
feedback [20]. In contrast, SNGFR values did not differ statis-
tically at these two sites in rats with glomerulonephritis. One
possible explanation for this finding is that the immunologic
injury renders the tubules permeable to inulin which is lost
between proximal and distal micropuncture sites. However,
this does not seem likely since the studies of Allison et al [4]
have shown with microinjection techniques that 98% of the
inulin injected into random proximal tubules of rats with
anti-OBM nephritis is recovered from the ipsilateral kidney. We
have postulated [16] that higher proximal SNGFR values were
not obtained in the GN rats because of an abrogation in the
tubuloglomerular feedback (TGF) mechanism and have thought
that this may be important in the diminished "renal reserve"
seen in patients with renal disease. This blunting of TGF could
not be demonstrated by other investigators using loop perfusion
techniques [21, 22]. Indeed, in a preliminary study, Gushwa et
al [21] suggested that tubuloglomerular feedback was normal
and Sakai et al [22] found that tubuloglomerular feedback was
normal as judged by changes in stop-flow pressure. Since TOF
was activated in our control group at an early distal flow rate
comparable to the ON rats, this blunting was not secondary to
having reached the lower limit of flow rates that could activate
TGF, The sodium concentration at the early distal site was
comparable in the two groups. Thus, the signal for this apparent
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blunting of TGF is unknown though sodium deliveries to the
macula densa site might still be different. Thus, the differences
between the present studies and the previous ones is not
known. We have not examined the effects of increased flow
rates to the macula densa in these studies. However, the
present study suggests that within the physiologic range for
distal delivery of fluid, an immunologic lesion severe enough to
result in a reduction in GFR may blunt tubuloglomerular
feedback.
As in most previous studies [4, 5, 7, 11, 12, 14, 191, the
present effort suggests that the proximal tubule is not the
nephron segment responsible for the decreased sodium excre-
tion seen in rats with experimental GN. Indeed, the attendant
hypoalbuminemia present in nephrotic patients and in experi-
mental models of ON might be expected to decrease peritubular
oncotic pressure and therefore proximal reabsorption of tubule
fluid. This has been partially substantiated by studies performed
after distal sodium reabsorption is blocked with diuretics in
nephrotic patients [23], and in studies of experimental GN
performed following extracellular volume expansion [13, 191.
Although most studies of experimental models with ON indi-
cate that, at least under hydropenic conditions, proximal reab-
sorption is no different from controls [4, 5, 7, 11, 12, 14, 19], it
seems likely that proximal sodium handling in ON rats may
differ from controls under certain conditions. The most striking
changes are seen after sodium loading. In this setting Bernard et
al [13] noted a profound decrease in tubule fluid reabsorption in
the proximal tubule of rats with AICN. We have seen similar
changes in rats with anti-GBM nephritis [19]. However, it
seems likely that this is due to the secondary effects of volume
expansion since it has been well described that rats with
experimental GN have an impaired capacity to excrete a
sodium load [6, 8—10, 13, 14]. Thus, our results are consistent
with the view that rats with ON maintain glomerulotubular
balance under hydropenic conditions. These results are also
consistent with studies in which GFR is reduced by other
means. For instance, with aortic constriction, glomerulotubular
balance may be maintained by a decrease in absolute proximal
fluid reabsorption, although increased fractional reabsorption in
the proximal tubule has been noted in some studies (that is,
incomplete glomerulotubular balance) [241.
The present study found that absolute sodium reabsorption in
the loop segment was lower in ON rats than in the control
group. This was a consistent finding even after the effects of
variation in SNGFR measured at the two sites in the control
animals were taken into account. However, as in other studies
of loop function, rats with GN reabsorbed the same percent of
delivery as did control animals. Although there are no other
studies which look specifically at loop function in ON rats under
hydropenic conditions, similar findings can be inferred from the
works of Rocha, Marcondes and Malnic [71 who noted that
mean values for fractional fluid delivery to random end proxi-
mal and beginning distal tubule collection sites in control rats
did not differ from those obtained from rats with anti-OBM
nephritis. Similarly, loop segment sodium reabsorption was
found to be normal in AICN after volume expansion [13]. Thus,
the present efforts extend these latter studies and indicate that,
as in controls, in rats with ON the reabsorption of fluid and
sodium in the loop segment of superficial nephrons is a function
of delivery.
The role of the distal tubule in the handling of sodium after
the induction of GN remained unclear until the present effort.
Rocha et al [7] reported that fractional delivery of sodium and
water did not correlate with site of distal collection in rats with
anti-GBM nephritis. They postulated that this was a conse-
quence of the heterogeneity of nephron function in the experi-
mental group; this precluded an accurate assessment of the
effects of GN on distal tubule handling of sodium. Further, their
data were equally compatible with the concept that distal
nephron function was disproportionately affected by the immu-
nologic insult. It is primarily for this reason that we chose to
collect fluid near the beginning and end of the same distal tubule
segment. This design permitted the detection of even minor
changes in sodium reabsorption along the distal tubule. Our
results indicate that delivery of sodium and water to the
beginning distal tubule was similar in control and ON rats.
Further, the data indicate that the absolute as well as the
fractional reabsorption of sodium and water in this segment was
unaffected by anti-GBM glomerulonephritis. This same conclu-
sion was made in AICN [13] and puromycin-induced unilateral
glomerular injury [14]. Since sodium reabsorption in this seg-
ment is load-dependent and the load-dependency is not altered
by changes in volume status [25], a normal fractional sodium
reabsorption along the distal tubule after glomerular injury is
not unexpected. Thus, segments past the distal tubule of
surface nephrons and/or deep nephrons are responsible for the
decreased sodium excretion in these animals. Preliminary data
suggest that the terminal collecting duct, rather than deep
nephrons, is primarily responsible for this increase in sodium
avidity [19].
It should be emphasized that the abnormality in sodium
handling by the rats in the present study was seen under
micropuncture conditions. Of course, undetectable total body
sodium excess may have been present. Indeed two weeks after
anti-GBM nephritis was induced, volume expansion was found
in a similar model [22]. Nevertheless, prior to study the rats
appeared to have achieved sodium balance as judged by meta-
bolic balance studies. In addition, they did not have ascites at
the time of study. Plasma renin levels in the awake animals did
not differ in the two groups of animals and aldosterone levels
were also similar as we previously reported [16], suggesting
similar sodium balance. One could postulate that the volume
contraction experienced by the ON animals from the surgical
procedure and anesthesia was greater in the nephritic animals
than in controls. Several lines of evidence suggest that this is
not the case. In both groups the small fall in hematocrit from the
time the arterial line was placed to the time of study was
comparable in both groups. Also, plasma renin and aldosterone
levels obtained at the end of micropuncture in the two groups of
animals were similar (though the stress of anesthesia and
surgery could conceivably have overridden the volume compo-
nent of the stimulation of these hormones). One might have also
expected that volume depletion would have resulted in an
increase in fractional proximal tubule reabsorption [26—28].
Further, volume depletion might have increased, rather than
blunted, the TOF response [20].
It therefore seems likely that in the present study the micro-
puncture procedure uncovered the tendency to sodium reten-
tion inherent to ON. As such, it is consistent with the work of
other investigators who have found that rats with experimental
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glomerulonephritis do not readily excrete a sodium load [6, 9,
13]. Indeed, Chachati and Godon [9] postulate that many of the
discrepant findings in the literature regarding sodium handling
after anti-GBM nephritis are due to differences in the volume
infused during the study. The differences between the two
groups in the present study may have been due to multiple
factors, many of which have been discussed (such as, differ-
ences in response to anesthesia, renal blood flow, plasma
albumin, hematocrits, etc.). However, of interest are the find-
ings of Ichikawa et al [14]. They were able to induce unilateral
nephritis with puromycin, and reported that sodium reabsorp-
tion in a segment beyond the end of the superficial distal tubule
was enhanced in the nephritic kidney. This suggests that the
alteration in sodium handling in GN may be the result of an
intrinsic functional defect in either the collecting duct segment
or deep nephrons. Indeed, Godon [10] has reported evidence
that this defect is due to a decrease in a natriuretic factor of
renal origin. Rats with anti-GBM nephritis exhibited a natri-
uretic response to atrial peptide infusion though the rats in that
study did not exhibit marked sodium avidity in the baseline
state [29]. On the other hand, recent studies showed a blunting
of the natriuretic response to exogenous atrial peptides in
puromycin nephrosis [30] and adriamycin-induced nephrotic
syndrome [31]. This would imply a defect in renal response
rather than a deficiency of this hormone but would not explain
the findings of Ichikawa et al [14].
In summary, we have investigated sodium handling in a
model of anti-GBM GN of several weeks duration. Metabolic
balance studies in the awake state suggested that the animals
were in sodium balance as did plasma renin and aldosterone
measurements. Furthermore, plasma renin levels and aldoste-
rone levels were not different during micropuncture conditions.
Nevertheless, during the time of micropuncture, sodium excre-
tion was markedly impaired in the nephritic animals. Thus,
these findings support studies in other models that suggest that
the defect in sodium handling in nephritis is intrinsic to the
kidney. This defect is due to enhanced sodium reabsorption by
segments past the superficial proximal tubule and/or by deep
nephrons.
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